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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] Cutting fluid characterized by containing a homogeneous mixture with the 
fatty-acid amine to which either [ at least ] organic bentonite or an inorganic bentonite 
water, and alkanolamine and a higher fatty acid are made to come to react as a principal 
component. 

[Claim 2] Cutting fluid according to claim 1 characterized by consisting of a kind or two 
or more sorts of adjuvants chosen as arbitration from the group which serves as said 
principal component from a water retention improver, a washing disposition top agent, a 
coefficient-of -friction fall agent, a rust-proofing force adjuvant, a washing disposition top 
adjuvant, and a defoaming agent. 

[Claim 3] The manufacture approach of the cutting fluid which faces manufacturing 
cutting fluid according to claim 1, adds either [ at least ] organic bentonite or an inorganic 
bentonite in water, is made to carry out **** distribution, adds alkanolamine to these 
dispersion liquid and is characterized by alkalinity, nothing, and adding a higher fatty 
acid to these dispersion liquid further, making this higher fatty acid and alkanolamine 
react, and making with a fatty-acid amine. 

[Claim 4] Cutting process of the ingot characterized by slicing ingots, such as a silicon 
single crystal, by the wire saw or the band saw, using the dispersion liquid which made 
cutting fluid according to claim 1 or 2 distribute an abrasive grain as a cutting fluid 
(slurry). 



[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to cutting fluid (water-soluble cutting 
fluid) effective in cutting of ingots, such as a silicon single crystal, polycrystal, other 
compound semiconductors, and a ceramic, its manufacture approach, and the cutting 
process of the ingot using this cutting fluid. 
[0002] 

[Description of the Prior Art] Conventionally, as cutting fluid for ingot cutting of a 
silicon single crystal etc., the nonaqueous solubility cutting oil which uses straight 
mineral oil as a principal component is mainly used, and the slice of an ingot is 
performed by supplying the cutting fluid (slurry) which made this cutting oil mix and 
distribute abrasive grains, such as SiC, to the cutting section of an ingot. And degree 
process is presented with this slice article through a washing process. Moreover, Ushiro's 
slurry used for cutting of an ingot is processed as trash. 

[0003] Washing of said slice article removes the cutting oil adhering to this etc., and the 
things (for example, trichloroethane, a methylene chloride, etc.) of an organic solvent 
system have been conventionally used as a penetrant remover. According to the penetrant 
remover of this organic solvent system, there is an advantage to which washing becomes 
easy. 

[0004] Moreover, as a processing implement for the above-mentioned ingot cutting, the 
peripheral cutting edge, the inner circumference cutting edge, the band saw, or the wire 
saw is used, in this case, the diameter of 3 inches or more ~ a wire saw and a band saw 
are comparatively used abundantly at cutting of the ingot of a major diameter, the 
processing implement of others [ reason / the ] — comparing — more — homogeneity 
thickness — an ingot ~ being sliceable — the yield of cutting waste ~ being few ~ not 
only ending — at once — many ~ it is because several wafers can be cut. 
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[0005] 

[Problem (s) to be Solved by the Invention] However, the cutting oil which uses straight 
mineral oil as a principal component is the dangerous substance with inflammability, and 
since the penetrant remover of the above-mentioned organic solvent system becomes the 
cause of main of a ** gun or air pollution (destruction of an ozone layer), use is forbidden 
recently. Moreover, as for said slurry, it is common that incineration processing is carried 
out as trash after cutting is presented, and this incineration also causes [ one ] air 
pollution. For this reason, it waited for development of that substitute. 
[0006] Furthermore, become easy to generate "curvature" in the slice article which was 
obtained with increase of cutting speed in ingot cutting (the center section of the slice 
article becomes convex). In the case of a wire saw, when a silicon single crystal ingot 
with a diameter of 6 inches is cut with 1 or more mm/min of cutting speed, curvature may 
exceed 10 micrometers. Such big curvature While becoming a failure when carrying out 
manufacture processing of the silicon wafer etc., it is also the cause that the yield falls, as 
a result. 

[0007] This invention solves the above-mentioned conventional trouble by making 
cutting fluid into water solubility. That is, the purpose of this invention is to reduce the 
curvature of the slice article when cutting the silicon single crystal ingot of a major 
diameter etc. while solving many problems, such as the danger of ignition in the case of 
using conventional nonaqueous solubility cutting oil, and air pollution accompanying use 
of the organic solvent in a cut material washing process. 
[0008] 

[Means for Solving the Problem] Cutting fluid according to claim 1 is characterized by 
containing a homogeneous mixture with the fatty-acid amine to which at least organic 
bentonite or an inorganic bentonite either water, and alkanolamine and a higher fatty acid 
are made to come to react as a principal component. 

[0009] Cutting fluid according to claim 2 is characterized by consisting of a kind or two 
or more sorts of adjuvants chosen as arbitration from the group which serves as said 
principal component from a water retention improver, a washing disposition top agent, a 
coefficient-of -friction fall agent, a rust-proofing force adjuvant, a washing disposition top 
adjuvant, and a defoaming agent in claim 1. 

[0010] It faces manufacturing cutting fluid according to claim 1, either [ at least ] organic 
bentonite or an inorganic bentonite is added in water, **** distribution is carried out, and 
the manufacture approach of cutting fluid according to claim 3 adds alkanolamine to 
these dispersion liquid, and is characterized by alkalinity, nothing, and adding a higher 
fatty acid to these dispersion liquid further, making this higher fatty acid and 
alkanolamine react, and making with a fatty-acid amine. 

[0011] Cutting process of an ingot according to claim 4 is characterized by slicing ingots. 
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such as a silicon single crylW, by the wire saw or the band mm, using the dispersion 
liquid which made cutting fluid according to claim 1 or 2 distribute an abrasive grain as a 
cutting fluid (slurry). 

[0012] The cutting fluid of this invention contains the fatty-acid amine to which make a 
bentonite, water, and alkanolamine and a higher fatty acid come to react as an 
indispensable constituent, and, generally is constituted by the combination of the 
following main raw material and various adjuvants. 

(A) - inorganic and organic bentonite (main raw material): - it is the dispersibility 
improver (sedimentation inhibitor) of cross-linking, and is for raising the dispersibility of 
an abrasive grain. 

(B) Alkanolamine (the main raw material) : while it is the main raw material of this 
cutting fluid, act also as a rust-proofing force adjuvant. Usually, triethanolamine was 
used as a with a molecular weight of 140 or more thing here. 

(C) Higher fatty acid (the main raw material) : while it is the main raw material of this 
cutting fluid, act also as a coefficient-of -friction fall agent (lubrication disposition top 
agent). Usually, the thing of 90 % of the weight or more of contents of unsaturated fatty 
acid was used, and oleic acid was used here. 

(D) Water retention improver : act as an adjuvant for supplementing with the water 
retention improver of this cutting fluid, and lubricity. For example, a poly alky lene glycol 
macromolecule polymer is used and, generally the polymer of molecular weight 15,000- 
30,000 is desirable. 

(E) Washing disposition top agent : this washing disposition top agent acts also as an 
adjuvant for the improvement in dispersibility of an abrasive grain. For example, 
polyethylene-glycol block polymer is used and the thing of molecular weight 40-60 is 
usually used. 

(F) Coefficient-of -friction fall agent : the above-mentioned (C) higher fatty acid acts also 
as a coefficient-of -friction fall agent. 

(G) Use rust-proofing force adjuvant: (tolyl triazole), for example, benzotriazol. The 
thing of molecular weight of 110-140 is desirable. 

(H) Washing disposition top adjuvant : tripropyllene glycol monomethyl ether is used as 
glycol ether. 

(I) ~ defoaming agent: ~ the fizz of said component (D) and (E) is suppressed, and the 
thing of a silicone resin system was used. 

(J) Purified water (the main raw material) : act as an ionizing solvent for ionizing each 
raw material. 

[0013] The cutting fluid of this invention is manufactured in the following procedures. 
That is, the distributed condition of said bentonite is further equalized by adding 
inorganic and/or organic bentonite to purified water (for example, ion exchange water). 
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)!iPenough, adding alkanolamine^ftt 



making it **** and distribiwenough, adding alkanolamineiPihese dispersion liquid, 
and making these dispersion liquid into alkalinity. Next, add a higher fatty acid, it is 
made to react with alkanolamine, and a fatty-acid amine is made to form. After this 
reaction advances enough, a kind or two or more sorts are chosen as arbitration from 
from among said water retention improver, a washing disposition top agent, a coefficient- 
of -friction fall agent, a rust-proofing force adjuvant, a washing disposition top adjuvant, a 
defoaming agent, etc., and it adds, and considers as a finished product. 
[0014] Although water-soluble cutting fluid itself is well-known conventionally, 
coefficient of friction is high and the conventional thing is not enough as lubricity, in 
surface tension is high and being inferior to permeability. Moreover, the rust-proofing 
force is not only also insufficient, but there was a fault that the amount of liquid tends to 
evaporate. On the other hand, while the water-soluble cutting fluid of this invention 
cancels the fault of the above-mentioned conventional thing by harnessing the potential 
property of each constituent, one of the descriptions is in the point which canceled the 
foamability which is the advantage of the fatty acid which is one of the constituents, and 
is also demerit by making it change to a fatty-acid amine. 

[0015] The cutting fluid of this invention makes this mix and distribute an abrasive grain, 
is used for it, and although it is effective in especially cutting of the ingot which consists 
of a silicon single crystal or polycrystal, it is widely applicable also to cutting of **, such 
as a compound semiconductor or a ceramic. Moreover, the multi-wire saw and multi- 
band saw which multiplexed a wire saw, a band saw, and these as cutting equipment with 
which this cutting fluid is used are contained. Furthermore, it can divert also to the 
cutting equipment of a peripheral cutting edge or an inner circumference cutting edge. 
[0016] The raw material component of the cutting fluid of this invention with which is 
actually manufactured and use is presented, and its presentation are as being standardly 
shown in [Table 1]. 
[0017] 
[Table 1] 
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1.0 ~2.0 


(B) 7ji/*y-;P75> 




4.0~6.0 


(c) immmt 




5. 0~8.0 


(D) m^miM 




22.0~26.0 


(E) «s#tt|filJ^-^)> 

m 




3.0~5.0 


(F) SsfiS^ScfiTSiJ 






(G) l»<»:^MI»lf>i 


^>'/hU7'/-;> 


0.1 -0.3 


(H) m^\^±nmm 




3.0 --5.5 






0.01~0.1 


(J) JiJ!* 


55.0~60.0 



• 



[0018] 

[Example] The example of this invention and the example of a comparison by 
conventional cutting oil are explained below. 

an example 1 and the example 1 of a comparison ~ the raw material component and rate 
which constitute the cutting fluid (1) of this example are as being shown in [Table 2]. 
[0019] 
[Table 2] 
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1.63 


(B) 7My'-)ir^y 




4.70 


(C) HSftJIgKfll 




6.10 


(D) uyi^mim 




25.34 


(E) «feliH4l^±ffl • » 

m 




4.08 


(F) ^«fiS»ffiT»J 








(G) mmm 




0.21 


(H) tt#ttiRi±ffilir?fl 




4.08 


(I) 




0.01 


(J) 


53.85 




100.00 



[0020] When the physical properties of the water-soluble cutting fluid (1) of above- 
mentioned this invention and the nonaqueous solubility cutting oil (2) of the conventional 
example are shown, it is as in [Table 3]. 
[0021] 
[Table 3] 
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mm (1) 


mm (2) 


ifcM 2 5"C 


1. 028±3% 


0. 894 


ffiH 2 5X: (m - Pa • S) 


1 15±Z96 


80~100 


PH 2 St: 


8. 7 2±3% 


— 


^W^i3 (dyn/cm) 


32. 0±3% 


3 1.8 




(1 0 0'CT»») 


1 6 6±1 0 




0. 10 5- 
0. 106 


0. 0 9 2~ 
0. 100 



[0022] Using the slurry which mixes and distributed the above-mentioned cutting fluid 
(1), cutting oil (2), and an abrasive grain (being a SiC abrasive grain GC** 600, 19-20 
micrometers of diameters of an average abrasive grain) at a rate of 1.0-1.51. : 1.5kg, the 
wire size set to 3.0kgf(s) tension of the multi-wire saw which is 0.18mm, and cut the 
ingot of a silicon single crystal in the slice article with a thickness of 0.75mm by cutting 
speed 1 mm/min. 

[0023] Consequently, when the cutting fluid (1) of an example 1 was used, in the ingot 
with a diameter of 6 inches, all the curvatures (maximum of the difference of the height 
of the center section which deformed into convex, and the periphery section) of a slice 
article were set to 10 micrometers or less, and, as for the curvature of a slice article, all of 
100 sheets were set to 20 micrometers or less in the ingot with a diameter of 8 inches. On 
the other hand, when the cutting oil (2) of the example 1 of a comparison was used, in the 
ingot with a diameter of 6 inches, as for the curvature of a slice article, 98 sheets were set 
to 10 micrometers or less among 100 sheets, and, as for the curvature of a slice article, 98 
sheets were set to 20 micrometers or less among 100 sheets in the ingot with a diameter 
of 8 inches. Thus, the cutting result equivalent to conventional nonaqueous solubility 
cutting oil was able to be obtained with the water-soluble cutting fluid of this invention. 
[0024] 

[Effect of the Invention] By the above explanation, according to the cutting fluid of this 
invention, there is effectiveness which is a high speed on a par with the case of 
conventional cutting oil about ingots, such as a silicon single crystal of a major diameter, 
and can be cut, without making a slice article generate big curvature so that clearly. 
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Moreover, since the cuttin|ftiid of this invention is water ^fc^ility, the danger of the 
fire by ignition can wash the cutting fluid which there is not and adheres to the obtained 
sUce article by rinsing, and is convenient. Moreover, in processing of washing 
wastewater, it is possible to use established facilities for drainage, and since processing of 
the slurry with which cutting was presented can be performed similarly, there is 
effectiveness, like a fear of causing air pollution unlike the case where the penetrant 
remover of the conventional organic solvent system is used also disappears. 

[Translation done.] 
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TECHNICAL FIELD 

[Industrial Application] This invention relates to cutting fluid (water-soluble cutting 
fluid) effective in cutting of ingots, such as a silicon single crystal, polycrystal, other 
compound semiconductors, and a ceramic, its manufacture approach, and the cutting 
process of the ingot using this cutting fluid. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Conventionally, as cutting fluid for ingot cutting of a 
silicon single crystal etc., the nonaqueous solubility cutting oil which uses straight 
mineral oil as a principal component is mainly used, and the slice of an ingot is 
performed by supplying the cutting fluid (slurry) which made this cutting oil mix and 
distribute abrasive grains, such as SiC, to the cutting section of an ingot. And degree 
process is presented with this slice article through a washing process. Moreover, the 
slurry after being used for cutting of an ingot is processed as trash. 
[0003] Washing of said slice article removes the cutting oil adhering to this etc., and the 
things (for example, trichloroethane, a methylene chloride, etc.) of an organic solvent 
system have been conventionally used as a penetrant remover. According to the penetrant 
remover of this organic solvent system, there is an advantage to which washing becomes 
easy. 

[0004] Moreover, as a processing implement for the above-mentioned ingot cutting, the 
peripheral cutting edge, the inner circumference cutting edge, the band saw, or the wire 
saw is used, in this case, the diameter of 3 inches or more ~ a wire saw and a band saw 
are comparatively used abundantly at cutting of the ingot of a major diameter, the 
processing implement of others [ reason / the ] ~ comparing — more ~ homogeneity 
thickness — an ingot — being sliceable — the yield of cutting waste ~ being few — not 
only ending — at once — many ~ it is because several wafers can be cut. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] By the above explanation, according to the cutting fluid of this 
invention, there is effectiveness which is a high speed on a par with the case of 
conventional cutting oil about' ingots, such as a silicon single crystal of a major diameter, 
and can be cut, without making a slice article generate big curvature so that clearly. 
Moreover, since the cutting fluid of this invention is water solubility, the danger of the 
fire by ignition can wash the cutting fluid which there is not and adheres to the obtained 
slice article by rinsing, and is convenient. Moreover, in processing of washing 
wastewater, it is possible to use established facilities for drainage, and since processing of 
the slurry with which cutting was presented can be performed similarly, there is 
effectiveness, like a fear of causing air pollution unlike the case where the penetrant 
remover of the conventional organic solvent system is used also disappears. 

[Translation done.] 
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TECHNICAL PROBLEM 

[Problem (s) to be Solved by the Invention] However, the cutting oil which uses straight 
mineral oil as a principal component is the dangerous substance with inflammability, and 
since the penetrant remover of the above-mentioned organic solvent system becomes the 
cause of main of a ** gun or air pollution (destruction of an ozone layer), use is forbidden 
recently. Moreover, as for said slurry, it is common that incineration processing is carried 
out as trash after cutting is presented, and this incineration also causes [ one ] air 
pollution. For this reason, it waited for development of that substitute. 
[0006] Furthermore, become easy to generate "curvature" in the slice article which was 
obtained with increase of cutting speed in ingot cutting (the center section of the slice 
article becomes convex). In the case of a wire saw, when a silicon single crystal ingot 
with a diameter of 6 inches is cut with 1 or more mm/min of cutting speed, curvature may 
exceed 10 micrometers. Such big curvature While becoming a failure when carrying out 
manufacture processing of the silicon wafer etc., it is also the cause that the yield falls, as 
a result. 

[0007] This invention solves the above-mentioned conventional trouble by making 
cutting fluid into water solubility. That is, the purpose of this invention is to reduce the 
curvature of the slice article when cutting the silicon single crystal ingot of a major 
diameter etc. while solving many problems, such as the danger of ignition in the case of 
using conventional nonaqueous solubility cutting oil, and air pollution accompanying use 
of the organic solvent in a cut material washing process. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] Cutting fluid according to claim 1 is characterized by 
containing a homogeneous mixture with the fatty-acid amine to which either [ at least ] 
organic bentonite or an inorganic bentonite water, and alkanolamine and a higher fatty 
acid are made to come to react as a principal component. 

[0009] Cutting fluid according to claim 2 is characterized by consisting of a kind or two 
or more sorts of adjuvants chosen as arbitration from the group which serves as said 
principal component from a water retention improver, a washing disposition top agent, a 
coefficient-of -friction fall agent, a rust-proofing force adjuvant, a washing disposition top 
adjuvant, and a defoaming agent in claim 1. 

[0010] It faces manufacturing cutting fluid according to claim 1, either [ at least ] organic 
bentonite or an inorganic bentonite is added in water, **** distribution is carried out, and 
the manufacture approach of cutting fluid according to claim 3 adds alkanolamine to 
these dispersion liquid, and is characterized by alkalinity, nothing, and adding a higher 
fatty acid to these dispersion liquid further, making this higher fatty acid and 
alkanolamine react, and making with a fatty-acid amine. 

[0011] Cutting process of an ingot according to claim 4 is characterized by slicing ingots, 
such as a silicon single crystal, by the wire saw or the band saw, using the dispersion 
liquid which made cutting fluid according to claim 1 or 2 distribute an abrasive grain as a 
cutting fluid (slurry). 

[0012] The cutting fluid of this invention contains the fatty-acid amine to which make a 
bentonite, water, and alkanolamine and a higher fatty acid come to react as an 
indispensable constituent, and, generally is constituted by the combination of the 
following main raw material and various adjuvants. 

(A) - inorganic and organic bentonite (main raw material): — it is the dispersibility 
improver (sedimentation inhibitor) of cross-linking, and is for raising the dispersibility of 
an abrasive grain. 
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(B) Alkanolamine (the ma^fcw material) : while it is the n^fc raw material of this 
cutting fluid, act also as a rust-proofing force adjuvant. Usually, triethanolamine was 
used as a with a molecular weight of 140 or more thing here. 

(C) Higher fatty acid (the main raw material) : while it is the main raw material of this 
cutting fluid, act also as a coefficient-of -friction fall agent (lubrication disposition top 
agent). Usually, the thing of 90 % of the weight or more of contents of unsaturated fatty 
acid was used, and oleic acid was used here. 

(D) Water retention improver : act as an adjuvant for supplementing with the water 
retention improver of this cutting fluid, and lubricity. For example, a polyalkylene glycol 
macromolecule polymer is used and, generally the polymer of molecular weight 15,000- 
30,000 is desirable. 

(E) Washing disposition top agent : this washing disposition top agent acts also as an 
adjuvant for the improvement in dispersibility of an abrasive grain. For example, 
polyethylene-glycol block polymer is used and the thing of molecular weight 40-60 is 
usually used. 

(F) Coefficient-of -friction fall agent : the above-mentioned (C) higher fatty acid acts also 
as a coefficient-of -friction fall agent. 

(G) Use rust-proofing force adjuvant: (tolyl triazole), for example^ benzotriazol. The 
thing of molecular weight of 110-140 is desirable. 

(H) Washing disposition top adjuvant : tripropyllene glycol monomethyl ether is used as 
glycol ether. 

(I) ~ defoaming agent: ~ the fizz of said component (D) and (E) is suppressed, and the 
thing of a silicone resin system was used. 

(J) Purified water (the main raw material) : act as an ionizing solvent for ionizing each 
raw material. 

[0013] The cutting fluid of this invention is manufactured in the following procedures. 
That is, the distributed condition of said bentonite is further equalized by adding 
inorganic and/or organic bentonite to purified water (for example, ion exchange water), 
making it **** and distribute enough, adding alkanolamine to these dispersion liquid, 
and making these dispersion liquid into alkalinity. Next, add a higher fatty acid, it is 
made to react with alkanolamine, and a fatty-acid amine is made to form. After this 
reaction advances enough, a kind or two or more sorts are chosen as arbitration from 
from among said water retention improver, a washing disposition top agent, a coefficient- 
of -friction fall agent, a rust-proofing force adjuvant, a washing disposition top adjuvant, a 
defoaming agent, etc., and it adds, and considers as a finished product. 
[0014] Although water-soluble cutting fluid itself is well-known conventionally, 
coefficient of friction is high and the conventional thing is not enough as lubricity, in 
surface tension is high and being inferior to permeability. Moreover, the rust-proofing 
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il^fcent, but there was a fault that fl^j 



force is not only also insumWent, but there was a fault that Hr amount of liquid tends to 
evaporate. On the other hand, while the water-soluble cutting fluid of this invention 
cancels the fault of the above-mentioned conventional thing by harnessing the potential 
property of each constituent, one of the descriptions is in the point which canceled the 
foamability which is the advantage of the fatty acid which is one of the constituents, and 
is also demerit by making it change to a fatty-acid amine. 

[0015] The cutting fluid of this invention makes this mix and distribute an abrasive grain, 
is used for it, and although it is effective in especially cutting of the ingot which consists 
of a silicon single crystal or polycrystal, it is widely applicable also to cutting of **, such 
as a compound semiconductor or a ceramic. Moreover, the multi-wire saw and multi- 
band saw which multiplexed a wire saw, a band saw, and these as cutting equipment with 
which this cutting fluid is used are contained. Furthermore, it can divert also to the 
cutting equipment of a peripheral cutting edge or an inner circumference cutting edge. 
[0016] The raw material component of the cutting fluid of this invention with which is 
actually manufactured and use is presented, and its presentation are as being standardly 
shown in [Table 1]. 
[0017] 
[Table 1] 
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1.0 ~2.0 




4.0~6.0 


(c) mmtm :tw>» 


5. 0-8.0 




22.0~26.0 


tew yi^#UT- 


3.0~5.0 


(F) mmm&rm ^\zmmr imims^mi)^ 




(G) miimn ^>vh u r 


0.1 ~0.3 




3.0 -5.5 


(I) tffisafl '>U3->«fji« 


0.01-0.1 


(J) mm 


55.0-60.0 
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EXAMPLE 

[Example] The example of this invention and the example of a comparison by 
conventional cutting oil are explained below. 

an example 1 and the example 1 of a comparison ~ the raw material component and rate 
which constitute the cutting fluid (1) of this example are as being shown in [Table 2]. 
[0019] 
[Table 2] 
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1.63 


(B) 7)Vijy-)V7S.> 




4.70 


(c) mmtswt 




6.10 


(D) mm±m 




25.34 


(E) ft#ttl^±»I • » 

m 




408 


(F) $ie^«[&T^J 








(G) mmmm 




0.21 


(H) jft»f§l^±*t»?fij 




4.08 


(I) t^j&M 




0.01 


(J) mm 


53.85 




100.00 



[0020] When the physical properties of the water-soluble cutting fluid (1) of above- 
mentioned this invention and the nonaqueous solubility cutting oil (2) of the conventional 
example are shown, it is as in [Table 3]. 
[0021] 
[Table 3] 
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mm (1) 


mni (2) 


its 2 5'C 


1. 028±3?6 


0. 894 


2 5t: (m . P a • S) 


1 1 5±3% 


8 0~1 00 


PH 2 5'C 


8. 7 2±3% 


— 


^MWl (dyn/cm) 


32. 0±39^ 


3 1.8 




(1 OO'CTjftItt) 


1 6 6±1 0 




0. 1 0 5~ 
0. 1 0 6 


0. 0 9 2- 
0.100 



[0022] Using the slurry which mixes and distributed the above-mentioned cutting fluid 
(1), cutting oil (2), and an abrasive grain (being a SiC abrasive grain GC** 600, 19-20 
micrometers of diameters of an average abrasive grain) at a rate of 1.0-1.51. : 1.5kg, the 
wire size set to 3.0kgf(s) tension of the multi-wire saw which is 0.18mm, and cut the 
ingot of a silicon single crystal in the slice article with a thickness of 0.75mm by cutting 
speed 1 mm/min. 

[0023] Consequently, when the cutting fluid (1) of an example 1 was used, in the ingot 
with a diameter of 6 inches, all the curvatures (maximum of the difference of the height 
of the center section which deformed into convex, and the periphery section) of a slice 
article were set to 10 micrometers or less, and, as for the curvature of a slice article, all of 
100 sheets were set to 20 micrometers or less in the ingot with a diameter of 8 inches. On 
the other hand, when the cutting oil (2) of the example 1 of a comparison was used, in the 
ingot with a diameter of 6 inches, as for the curvature of a slice article, 98 sheets were set 
to 10 micrometers or less among 100 sheets, and, as for the curvature of a slice article, 98 
sheets were set to 20 micrometers or less among 100 sheets in the ingot with a diameter 
of 8 inches. Thus, the cutting result equivalent to conventional nonaqueous solubility 
cutting oil was able to be obtained with the water-soluble cutting fluid of this invention. 



[Translation done.] 
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